Mean water quality in two wastewater-fed ponds and one non-wastewater-fed pond in Hanoi, Vietnam was ,10 6 and ,10 4 presumptive thermotolerant coliforms (pThC) per 100 ml, respectively. Fish (common carp, silver carp and Nile tilapia) grown in these ponds were sampled at harvest and in local retail markets. Bacteriological examination of the fish sampled at harvest from both types of pond showed that they were of very good quality (2 2 3 pThC g 21 fresh muscle weight), despite the skin and gut contents being very contaminated (10 2 2 10 3 pThC g 21 fresh weight and 10 4 2 10 6 pThC g 21 fresh weight, respectively). These results indicate that the WHO guideline quality of #1000 faecal coliforms per 100 ml of pond water in wastewater-fed aquaculture is quite restrictive and represents a safety factor of ,3 orders of magnitude.
INTRODUCTION
Fish production in excreta-fertilized fishponds is a very ancient practice, especially in the Far East and notably China where the practice is believed to have been initiated over 3,000 years ago (Zhiwen 1999) . In Vietnam wastewaters are used for aquaculture as a source of both water and nutrients (Vo 2001) . The nutrients supports the growth of plankton and other micro-organisms which are consumed by the fish with little additional feeding taking place.
In periurban Hanoi there are , 2,500 ha of aquaculture ponds, over 99 percent of which are used for fish culture, mainly carp and tilapia, with a small area (,1 percent) for shrimp production (Mai et al. 2004) . Most of the wastewater-fed fishponds are located in Thanh Tri district in the south of the city, where there are , 330 ha of wastewaterfed fishponds (Vo & Edwards 2005) ; there is also widespread wastewater use for rice culture which is often alternated with fish production (Tran 2001) .
In order to assure the microbiological safety of fish raised in wastewater-fed fishponds the World Health Organization's guideline is that the fishpond water should have a faecal coliform count of # 1000 per 100 ml (WHO 1989) ; this guideline value is expected to be retained in the new guidelines which are currently being prepared (WHO 2006) . Studies on the microbiological quality of fish raised in wastewater-fed fishponds are few with some studies indicating that faecal bacteria may penetrate the fish flesh when fish is grown in highly polluted water (Buras et al. 1985 (Buras et al. , 1987 Buras 1990) , whereas other studies found no or little penetration of micro-organisms in aquaculture environments in which the fish were not stressed (Edwards 1992) . Furthermore, the level of microbiological crosscontamination and quality of wastewater-fed fish sold to consumers at retail markets are unknown. In this paper we report the results of an investigation into the microbiological quality of fish from wastewater-fed and non-wastewater-fed fishponds in Thanh Tri district of Hanoi, both at harvest and at the point of sale in local retail markets.
METHODS

Study locations and sampling
Fishponds
The study was carried out in two wastewater-fed ponds and one nominally non-wastewater-fed (control) pond in Yen So commune, Thanh Tri district. The areas of the wastewater-fed ponds were ,3 and ,15 ha and their liquid depths were , 1.5 2 2 m. Both ponds were fed with raw wastewater directly from the Kim Nguu River through a pumping station located in the commune; ponds also received direct discharges of domestic wastewater from households around the ponds. The Kim Nguu river is essentially a wastewater canal: CEETIA (1997) found it to be heavily polluted, with biological oxygen demand (BOD) and chemical oxygen demand (COD) concentrations some 3 2 7 times higher than the Vietnamese permitted standard levels (#50 mg BOD l 21 and #100 mg COD l 21 for wastewaters discharged into water bodies used for aquaculture and crop irrigation). Toan (2004) found thermotolerant coliform (ThC) numbers of 3 £ 10 7 per 100 ml in the inlet of a fishpond in Yen So commune fed with water from the Kim Nguu river.
The control pond, with an area of , 14 ha and a depth of ,1.5 2 2 m, was located on the alluvial plain adjacent to the west bank of the Red River beyond a flood-control dyke.
Red River water was used to feed the control pond as wastewater could not be economically pumped across the dyke. Before the control pond was selected for the study, samples of its contents were analysed for ThC numbers (details in Results section below).
In Yen So commune the most commonly cultured fish are common carp (Cyprinus carpio), silver carp (Hypophthalamichthys molitrix), and Nile tilapia (Oreochromis niloticus). The growing season is ,10 months and at harvest common carp weigh ,500 2 600 g, silver carp
, 200 2 300 g, and tilapia , 150 2 200 g. In this study, five individual fish of each of these three species were collected at , 7 a.m. immediately after they had been harvested from the wastewater-fed and non-wastewater-fed ponds. Each fish was placed in a sterile plastic bag. At the same time the fish samples were collected, grab samples of the fishpond water were collected from 15 2 20 cm below the surface in sterile 500-ml glass sampling bottles. The fish and fishpond water samples were then protected against heat and sunlight and transported to the laboratory within 30 minutes. Samples were kept at 4 2 58C upon arrival at the laboratory and analyzed within six hours of collection. The fish sampled at the markets were 'tracked' from the fishpond at harvesting and accompanied to the market, so that it was known which fish came from the wastewater-fed ponds or the non-wastewater pond. At the market whole fish were purchased and the fishmonger asked to process each fish in the normal way (i.e., to remove the scales and gut the fish, then chop it into pieces). Each fish processed in this way was then placed in a sterile plastic bag and taken immediately to the laboratory for analysis.
Local retail fish markets
Microbiological examination
Fish sampled at harvest
Samples of the skin, muscle and intestinal tract of the whole fish samples were collected separately under aseptic conditions, as follows:
(a) skin samples were taken from a 10-cm 2 (2 £ 5 cm)
central area of the fish by marking out, using a sterile template and scalpel, the outline of the desired area and then removing, with sterile scalpel and forceps, as thin a layer of the skin as possible (1 2 2 mm); the skin sample was then placed in a sterile Petri dish. was then used for microbiological analyses directly or diluted further, as described below.
Fish sampled at markets
A , 10-g sample of fish flesh was taken from one of the pieces of fish in each of five plastic bags containing the same fish species (common carp, silver carp or tilapia). These samples were then pooled in a polyethylene bag to give a five-fish composite sample which was then weighed. They were then diluted and homogenized, as described above.
Bacteriological analyses
Serial 1-in-10 dilutions to 10 27 were made of each fish or wastewater sample using the peptone-NaCl diluent. Bacteriological analyses for presumptive ThC, enterococci and aerobic standard plate counts were then carried out within 30 minutes 
Statistical analyses
The student t test was used to compare the geometric mean results from the wastewater-fed and the non-wastewater- 
RESULTS
Fishpond water
The two wastewater-fed fishponds had significantly higher mean counts of presumptive ThC (p , 0.0001) and enterococci (p , 0.001) than the nominally non-wastewater-fed pond: two orders of magnitude higher for presumptive ThC and one order of magnitude higher for enterococci; there was no difference in the standard plate counts (Table 1 ). The ThC counts in the wastewater-fed ponds were nearly three orders of magnitude higher than the WHO (1989) guideline value of #1000 per 100 ml, whereas those in the nominally nonwastewater-fed pond were less than one order of magnitude above this guideline value.
Fish sampled at harvest
There was no major significant differences (i.e., those important from a public health perspective) in bacteriological qualities between the skin, gut contents or flesh for the three fish species when comparing their origin from either wastewater-fed or non-wastewater-fed ponds (Tables 2-4) . Comparison of bacterial numbers in skin samples from the three fish species revealed no significant differences, except in one case where skin samples from wastewater-fed silver carp had a higher SPC than non-wastewater-fed silver carp.
Fish from both wastewater-fed and non-wastewater-fed ponds contained similar bacterial numbers in their gut contents: 10 5 -10 6 presumptive ThC g 21 and 10 3 -10 5 enterococci g 21 (Table 3) . Amongst the fish from the wastewater-fed ponds common carp contained significantly higher numbers of presumptive ThC and enterococci than silver carp and tilapia. Common carp are primarily bottom feeders and thus will be exposed to high bacterial numbers in pond sediment, whereas silver carp and tilapia primarily feed in the water column where bacterial concentrations are lower.
Fish flesh samples collected by the stringently aseptic technique contained no or very few faecal indicator bacteria, whereas the SPC were , 10 3 CFU g 21 (Table 4) .
No significant differences were found in bacterial numbers between fish from the wastewater-fed and the non-wastewater fed ponds. Thus the very limited penetration of faecal bacteria into the fish flesh came primarily from the fish gut.
Fish sampled at point of retail sale
The bacteriological qualities of all three fish species from both types of fishpond were substantially worse after handling, cleaning and purchase in the local retail markets than that at harvest: the geometric mean presumptive ThC and enterococci counts in the fish samples from both the wastewater-fed and non-wastewater-fed ponds were (Table 5) . Numbers of presumptive ThC and enterococci were significant higher in silver carp than in common carp and tilapia. In general, there was no significant difference between the bacteriological qualities of the fish from the wastewater-fed ponds and those from the non-wastewater-fed ponds.
DISCUSSION
The water in the non-wastewater-fed pond receiving water bacteria enter the edible muscle tissues of fish and thus increase the risk of exposure for consumers of the fish.
Buras and co-workers (Buras et al. 1985 (Buras et al. , 1987 Buras 1990) reported such a threshold concentration of total culturable bacteria in fishpond water of 1 2 5 £ 10 6 per 100 ml, but this seems to have been due to a major malfunction in the wastewater treatment plant which introduced such high organic loadings into the receiving fishpond that the fish were extremely stressed and only just able to survive (P.
Edwards, personal communication, 2005). A study in
Thailand reported an SPC range in septage-fed fishponds of 1.8 £ 10 5 -2.0 £ 10 6 per 100 ml of pond water which produced fish with minimal bacterial penetration into their flesh (Edwards et al. 1984) . Exposure of 132 healthy tilapia to fishpond E. coli concentrations of up to 10 6 cfu per 100 ml from wastewater sources led to little or no detectable bacterial or bacteriophage penetration into their flesh (Fattal et al. 1988 (Fattal et al. , 1993 . In the United States Hejkal et al. However, further research is needed to assess how many orders of magnitude are needed to provide a realistic (i.e., not over-restrictive) safety factor for faecal bacterial indicator numbers in wastewater-fed fishponds.
Our results indicate that these fish flesh qualities were (Table 4 ). It is difficult to imagine a wastewater-fed (or river-water-fed) aquaculture situation in which the "nutrient and mFC agar" counts are the same as this would imply that all (or essentially all) the bacteria present were faecal coliforms/E. coli. We thus accept the classification of Buras et al. (1987) the fish originated from the wastewater-fed or the nonwastewater fed ponds. This indicates that significant faecal cross-contamination occurred at the markets during handling and processing of the fish for human consumption. As noted by Buras et al. (1987) , "exposure to pathogens can occur when fish are handled and cleaned. During the digestive tract removal, the content is usually spilled and contaminates the intestinal cavity of the fish and the hands of the handler. Casual rinsing does not prevent contamination". Clearly, local environmental health officers/assistants need to educate local fishmongers so that (a) they are aware of the risks for faecal contamination of the fish products and possible occupational health risks of their unhygienic practices and (b) they are then able to implement and sustain improved hygiene practices; they also need to be regularly inspected by the local environmental health officers/assistants to ensure that their fishhandling and cleaning practices are always hygienic.
Finally, it should be noted that only the bacteriological quality of fish from wastewater-fed and non-wastewater-fed fishponds was investigated by the use of bacterial indicators.
Thus, the possible occurrence and food-safety aspects of fishborne zoonotic parasites, in particular trematode parasites, bacterial and viral pathogens, and any bio-accumulation of toxic chemicals in the wastewater, were not assessed.
CONCLUSIONS † Fish grown in both wastewater-fed and nominally nonwastewater-fed fishponds with presumptive ThC counts of ,10 6 and ,10 4 per 100 ml, respectively, were of very good quality at harvest (2 2 3 presumptive ThC g 21 of flesh). This indicates that the current WHO guideline value for wastewater-fed aquaculture (# 1000 E. coli per 100 ml of fishpond water) is quite restrictive as it represents a high factor of safety of three orders of magnitude. † Grossly unhygienic fish handling and cleaning practices at the local retail markets caused significant recontamination (10 2 2 10 5 presumptive ThC g 21 ) of the fish grown in both wastewater-fed and nominally nonwastewater-fed ponds. † The fishmongers in the local retail markets should be informed about their unhygienic fish handling and cleaning practices, and how these can be improved to reduce the faecal cross-contamination of the fish they sell.
